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PROBLEM TO BE SOLVED: To provide a high ductility hot rolled steel sheet combining 
high ductility and excellent stretch flanging properties and suitable as an 
automotive steel sheet. 

SOLUTION: This hot rolled steel sheet has a composition containing, by mass, 0.05 
to 0.25% Cj_ 0.5 to 2.0% Si^_ 0.5 to 3.0% Mn^ 0.05 to 0.3% Ti, 0.0001 to 0.003% S, 
and the balance Fe with inevitable impurities. A steel structure composed of the 
main phase of polygonal f errite and a second phase of bainite and retained 
austenite . The occupying volume rate of the retained austenite is 5 vol . % or more, 
the average crystal grain diameter df of the polygonal f errite to 0.8 to 5.0 urn, 
df/ds, i.e., the ratio between the above average crystal grain diameter df and the 
average crystal grain diameter dS of the second phase is 5 or more, and the 
distance L between the second phases to 2dS or more. 
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[fBife^g] ©4H#*T\ C : 0.05-0.25%. Si : 
0.5 ~2.0 Mn : 0.5~3.0 % x Ti : 0.05-0.3 %iJ 
: 0.O001-O.003 %££WU SSKiFefcJrtPF 

^^=s:ss!ffliis-*rr*S!gfl!«fr*>oT. ±uBie* 

-Xt^T KO<S«$Sr 5 vol%JJLh. m-K'J^^ 
KWW^gdf £ 0.8/x. «± 5.0/x* 

gd 3 <oitd f /d s £5&JL &2ffllSEJ8L£2d 

d f /d s 
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immi mssmx- 

C : 0.05-0.25%. 
Si : 0.5 —2.0 %. 
Mn: 0.5 —3.0 %. 
Ti : 0.05-0.3 %t5£tf 
S : 0.0001-0.003 % 

o.8^ jy± 5.0/zi jut. iswma&tmdt t±m 

^2ffl<VF%*gSmgds <0ltdf /ds #5JJUl. 8 

2ffliaffiJgLA<2 d s w±x-hhztzmLt-$-hwif 

Km? 

Al:0.10%mT. 

Nb:0.10%felT. 

V:0.10%mT. 

P:0.1 %«T. 

Cu:1.0%Ja~F. 

Mo: 1.0 %OT. 

Ni : 1.0 %JiTF. 

Cr : 1.0 %JjlT. 

Ca : 0.0005-0.015 %. 

REM : 0.001 ~0.05%*Jj:tf 

B : 0.0002-0.01% 

(Do *>frt>WJZ 1 Qttti 28fcUi5:£*rf Sffljacfc 

mm. 

C : 0.05-0.25%. 
Si: 0.5 -2.0%. ■ 
Mn:0.5 -3.0 %. 
Ti : 0.05-0.3 %&£V 
S : 0.0001-0.003 % 

Al :0.10%WT. 
Nb:0.1 %£1T. 
V:0.1 %«T. 
P:0.1 %£TF. 

Cu : 1.0 %mr. 
Mo: 1.0 %mr. 

Ni : 1.0 %fe!T. 
Cr : 1.0 %WT. 
Ca:0.0005-O.015 %. 
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REM : 0.001 -O.05%iiJ:tf 
B : 0.0002-0.01% 

tmm.zn5ox:&Tt U ffl£Eg®. &«ET$ : 80 
%BLhx fiE®&7iSJ& : 800 -950 "C<0^T-Ctt±ff 

±^aaLS-c^ia^a)^4&L. Kssia&sj*- 6 
10 00-700 trc*rru 5x:/sjaT<o}ta®s« 

^2a^ffl^2~5&SHiSLfc<7)*>. 20*C/sJJLh<O}$ 
33B£K<om3g}fc8l£gii#rU 150-380 XUOiSJgKffl 

[0001] 

20 ^ffit»Tit^)-C*S. 
[0002] 

^rrs^«a^s« (OT. DP«fc^) 7x7 
m$ftt&TR 1 pmamitix^z. 

30 [0003] llicmoi D Pgitt. gttcOjSTT 
R I P8U: O^O. •e'OSIgigttfccoA^x (TSx 
El ) \t 2OO00 MPa • %WFTS>1. TR I PgJ 

®1-&ifcTK®tt^L. TSXE1# 20000 MPa • %$• 

mitzti^mx-ht. 

[0004] «£tf , f^PP3 -10049 ^Btfgfcli. 
C, Si, MnS:S*jS7>i:LT^^8i$-. ffiT$:80 
%Ult. EES^TiaS : 780 -900 °CT1^fa{t±JES 
U tt±Eg&T&. 40X:/s*S}^jJMST^a5rl8 

T'#IP£&7U -^T'&a®g : 40X:/sfcU:T&SIL 

T350 -500 t:-c£jrs ^ 1 t J: 0 . #y =f -jvk? x 7 

^tSgcolt^lSKUL-C. U*»t^^>f Ytm&t- 
*x7Mhfc*^&SSI2ffl£WU **oi^2ffl«f<^ 

ss*-Af^ h* s 5%ja±T'*ssiffla^^rrsia 
wm<vwgmvm*ztix^h. -eur. ^c^ag 

ilST'Ji. TSXEl=20000MPa- %m§imi'thc\til l 

*i&X'hh. 

50 [0005] L*>L^*f/?». ±M(OmX'lt. SSfeSSi 
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M£.m*ztihi> o~^<rfflBL-QhhtoV7y>i;mz i . msgftmrc ■. 0.05-0.25%. si : 0.5 -2.0 



HRtC. ^flS»KJ: 0^<?>ilSJ^{f$t^ 0001-0.003 %££3rU ^iFefcitPRfiBWTtt 
mSy7>iS&tf&Ti-t>Mtolzi>i>t:)b^ iS&ttfctt O.&m* JJLL 5.0*m BIT, ±3B& 

iu». 10 /d. *»5«±. »2»naraiL3&«2d. ja±Tft* 

[ 0 0 0 6 ] &m-9 -104947#&#fcli. TSx Zb J^ttSW^^yytttS^IiWi 

T.ElS2O00kgf/M» %(196O0MPa %) tL. «. 

#tf7 7y^tt^iiiii$-«;»^is^#5^t«raw [ooio]2. .hfeiicfcvvt. m#zt>£.* mm 

b LX . C : 0.05-O. 15mS%. Si : 0. 5 -3.0 fifi 4HF?A1 : 0. 10%felT. Nb : 0. 10%OT. V : 0. 10%J2l 

%. Mn : 0.5 -3.0 MM%. P£0.02S£%. S^O.01 T. P : 0.1 %£TK Cu : 1.0 XBTF. Mo : 1.0 XH 

BM%. Al : 0.005 -O.10fift%fcilfFe£±j£#fc-r T* Ni : 1.0 %£Tr\ Cr : 1.0 %JjlT. Ca : 0.0005-O. 

SSI*. »ra£Bi-ri.fc:3>t0, tt±JEE®^TSJS5rA 015 %. REM: 0.001 -O.05%t><fctXB : 0.0002-O.01 

n> -50- An +50X:<OSSai: LT£ffF$#80%£LbO %<?)o*>frt>WJ£ 1 gafcli2ei£li:££#tSifflj£ 

K "C4*4 K Se*-Xft-( r-*53ffl-CU&££ [001113. : 0.05-0.25%. Si : 

*U *»-37i7>f ( Vf ) i?!^ r-&g 0.5 —2.0 %. Mn : 0.5 -3.0 %. Ti : 0.05-0.3 %fc 

( dF ) tf>Jt ( Vf /dF ) #20jy±T\ 2ju« WT<0 S : 0.0001-O.0O3 %£#WU £>CA 

8s*-xt -m v m&t 5%&±t %&mmm \ : o. io%ot, Nb : o. 1 mp\ v : o. 1 %ot. 

saswwsarva**. l*>l&#<s>. zomx- p o.i %ot. c u : 1.0 %jut. mo : 1.0 %«t. n 

5^fWg*73% ( d/do =1.73) L;Mi£>*t i : 1.0 %J2Tr\ Cr : 1.0 %JjTr\ Ca : 0.0005-0.015 

XHh-f . 100 %tUi<?>5^S»f$3&«$*iSC:i:^ %. REM : 0.001 -0.05%fe«J:UfB : 0.00O2-O.01%tf> 

^mm<D&£bQ&&W>W8imfc2tiZ>t^oR o*>frt>MA,tlin£t:&2WXt£1s1il. mmFe 

[00071 30 {eg* o . mm&zimcmt u ajEga. m 

imwfmtJ: o t-rmmi ±&Lt:mv&>e> i>w srm so%iy± % mmrm. soo -950 

t^idfc. TSXE1 ^20000 MPa trffi&L. **ol00 TTtt±£ES2:1tV\ ^<OfLh£ES**T^ 2#fcll*J 

%*mt&£?tcim^*tthfmmte: i mk?h 5ot:/sBLh^aa[gT'®ia?#ai^i&L. 

,ifc#-e#*uf. mjmfo<mm^\±m5.£tttf imm 600-700 tmrru sx:/swf 

$<&5--?&zttf>>jmt%h. *zt. *mi\t. ts x:/sj^u:o?&a®ecom3a^as-^i&L. 150-330 

XEIS20000 MPa % *>oj!^t;{f$^ioo %fci-^?ftt£ r<oiastEffl-c^ffis «i t£imt^-&mf y=7>iS& 

ZbZBftit^Z. [00121 

[00081 40 iwmmm<?mm] ar. *9tm%&&t h \z^.->tc 

im&zmm-&t:tbc?&m mmt>\t. ±m m&mz^xmwtz. mss^mx\ c : 0.12 

OSW2r3i^-^<«S0f5SS-aiafc«*. TiSr^fc %. Si : 1.5 %. Mn : 1.0 %. P : 0.010 %, S : 0.00 

■t&mmiLb ix. mssmmz^m-hy^A hs- 05%. ai : 0.042 %&xmi ■. o.is%^*l. mtn 

<j -t4 v&zv/ttimmtzmiLtt-ZTi- 3*<nmmsit:wm-h\z^ 0 . \t±smTm> 

a h£r>zz&2mmtii>~o%>--tzft&Zithzb ftmftzmm&zbizx*).. 

x\ ffiS7y> : J&bm&b£m\->\'<A'X'm±Zim mm mry^y>f hsgt^) df b. v 

SCtS-majL. *%ffl£5ffi.Z-£&lz^t:. &£Xf%8*-X7~i-4 hfrt>%&&2tt<W*mm. 

[00091 t%b*>. XfflimgnmtXVibii') S (&.T&2m&bVfJ£) ds <OJtdf /d 8 i:, Sg 

xhh. 50 2«sffis. -r^*)^sig2ffl<r)jg*^^2*Bfce 



%. Mn : 0.5 -3.0 %. Ti : 0.05-O.3 %t5*VS : 0. 
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fflegds t<ojtL/ds tz&ftzG. xmmx x. xmrntrnzi-frnzm-Lt:. z^x\ 

(%) £&&tdi /d B tL/d* (OWSIc^xm ti&^&^&&®!£$:$£t&Ztlz£t)m&L 

[0013] mm^tizta*). dt /d a #5&. ioo%jjLhfc§sit*^>&. 

tm&i>. flaw* ah. a*®mmmjF mBictimtmm-htiMz. 4«&Mag£ &50 
sTiooit^tr. ^^n^»j^8s*><i>«jRL^ijSiyv io x\ 4>s^?&^^3^ 4«&i$<o}S8iiig5: 3X: 

(Sffxioo» xioom ) t:. do =iom<t><wrtam /s. s&3g^aiB5^s]a[g£3otys, ^iROiass- 3 

ov^T-Uft : 60* <OPMttf>f-£>$x>Jffl (OTrffi (XTCfcgJgU tLhfflg&Ta. 3*18&iPI5!i&aT«0 

C OfcSffl) ^^raa^#ALTft£S»f ^StJitX|glS^»i$<7)}#aBSLSi&Si^fc:^3-li- 

■) zm>. »se frhff^T^ m 1 mtimbtx-mmt: 2WJ.n 

A (%) = { (d-do )/do } X100 fcU t^&l&ftttl^ftjm&ZSirC/s&Lktl-h 

[00 14] 3£(C. TSXElKSBT^x^ HSgd fc&SC:i:#$b&»6. 

f fcS52ffiSgds OJtdf /dsfc. 7x74h8& [00 19] TSXElfc&ar-fgJROiSJB^g 
df <Dfm:ovvct>il£L*:. .I<DJS££B2fc^ 20 fcPBrt-SBWC. m 8#ffl&fl*tiJ^Eg&T*^ 

•T. H+. OWrtfcaiilLfcS^liTSx El/100 l^fcHJ&L. : HTC/sfc u ifS2g&sw- 

3lffi3fc^rs (n>a)iiJ:tftt>tfEi (%) USI3iiie§& 3ri>^«t«igf&&§IS&iSg£ (JWCt u tyism&m* 

IZX O&bti. HHfc^LfcfcfcO. df &5vm &.T 3®t U S&3&#SJI$<0#iP*g£3<rc/sfc U £JR 

T\ *>odf /d» 2:5jaJifc^S^fct:J:0. TSxEl 0^^a^t^$*T#^^MBRfc:o^TTS 

^20000MP& Xt^&ZtiMmtZ&Zt&ftfrh. XE1 (MPa • %) #*>*Uti£5l2:B6fc^ 

[oo 1 5] act. ?y£(f¥ijj:tnsxEitaBr^sis -r. ^at^L^ttJO. &K9iag£ lsor^uL 3 

Egft^a^fNo^tcov^T^iELJt^Ki^^-r 80*CJaTfc1-SClfcfc:J: 0. TSXEl£ 20000 MPa • %&. 

ffiE»7fi£5-l(XXrc. tt±BEgJ^7ag^ 90OCfc L [0020] ifcfc. ^ff^AfciUirrrifttfJiJSfco 
«Jf : 3nt»iajEg^ffo^. tfc±£Eg&co#2JI 30 vvcfa&Lfc*£a£07fcijt3\ H&fcrJBvtfi 

^fti: tx % smsn. -t%h*>E5m®<vm 1 m ma. nimvfSJHi. mms^x-c ■. o. 12%. si : 

a. Ztlt,Z^<*m&!)m?bZ>Wl2mi3tl. 1.5 %. Mn : 1.0 P : 0.010 S : 0.0006%fcJ: 

^BX0ias*-c}#aH-5m3s^as:^mff vu 0.042 u satiiFetJitPi^n^T^ 

[0016] £1\ ^2gJ&SI. -t^riD*»+f^^l^) g : 1080fC. ffl£Eg»7iaS : 1000"t\ fLhffl^TS 

ftmfflk%&&£V* S^^KfS^^-f^A tcxs^- S : 900 x:. tt±ffiE»T*^m l 

§mzm&uz. ^ 1 g}$a^ff&ttjbJEg*iT i»« 1a : 1 g 1 s^ai<o^a®e : sor/s. ^2g^ai 

fcfcajjsg : 8(rc/st ® 28Hf»koteaiarg£ 2x: -r^^^^fs^ms&coias = 650 +fa^sn^a : 

/s. m3gJfeakO)$aBSS$-30X;/s. gJRO&g* 300 3», ^3g^SkO^SatK : 30TVs. ^IXOiSJS : 30 

rtL. m2mm^b*>*miimt!im.t5£Vtt> 40 om*. HHt*L^ttJ0> j^stf^A^ 100% 

ISft?SiSig£S*^kS-tbt. ^Bte*$-03fc^1-. tLhfc-tSfcUi. TiiSrO. 05-0.3 mssXaymSZWart 

(%) -CfcS. ^Ht^LfcttJO. g2S?&ai^+ [0021] =Sri>. W±<o||Skfc:ffl(r^»Sf|Rtov^ 

fS^^^aS?r 600-700 Xlt ^o+fS^^^a t> fflja«^^ffV\ 7x:M hggd, tm2«ss 

5r2~5^t-rSClfct:J:0, ^S£»f^^ 100%Ohfc d« wlfcdf /d a fc, g2fflESB8£Li:Sjl2ffl&gd 

-rs^fc*^r^Tibs«ifc*«^i.. 8 toibL/de tr-p^-rt^iEL^ 5\a»f$A# 

[00 1 7] i^fcl. glS^a^F^ttiffiEUT**^ 100%tLhcoe5r^Lfcii|lS{±^Tdf /d 8 ^5. L 

- imtMiiim&: wc/stL. m2WL-&mti:h*>* /d B >2*m%±,x\^k*TmLtz. 

W&&<rm$&S£t 65(rc. 3#fc [0022] <5cfc. *%BBK:i>^T. mcr)i$tffflj8.Zm 

m3®ftm<vftimg&3Qx:/s^ mm&gz 50 §&)$Miz®szit:m&iz^xmm-&. 
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C :0.05-0.25»ass% 

■Ti.B«rCilR2r0.25Mss%i:-r2,. 
[00 2 3] Si: 0.5 —2.0 «ss% 

%tft>. 2.0 «ss%^Si.TaaniLT*,. -E-tOS&^ifi 
ftU 3Xhr>yTt^tOT. ±K£2.0 ■ass%tL 
fc. 

[0 0 24] Kn: 0.5 -3.0 «ss% 

fct0.5 *ass%0MM$:£mt-?h 

1t#>. _t&£3.0 wass%b-tl. 
[OO2 5]Ti:0.05-O.3»ss% 

fcL Ti £0.05-0.3 tassXbitSm^&tzmittim 
7-M hi>fflnt%&. ®ffltt-Xr~t-J MigJKD 

fc. .r^a^Tic^awfts^fet. sg2ffl#8aH 
it&tniximizftmz. 

[0026] Ja±^&*Sr#S^tC{i. 0.05iass%«0 

tf±t%<%&. ±m%>3 mss%bLiz. 

L < ttO. 10-0. 2Qwass%?t> £ . 
[ 0 0 2 7 ] S : 0.0001-0. 0030mss% 
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Sli. m77>iS&<r>&mt:)t>Mi&^\Zb'&<. 
5"dfe»f$A£ 100%fcLLi: 0.0030mass%WT 
bth-mWbh. 0.0030K«ss%jaT-C<>. Sfi£fi< 

ttuf-rsjifw^^y^ttttisji-n.**. o.oooiB 

=5r<, fcb*«Sa»^3;*h7yrfco^|>W\ 0. 
0001«ass%£TIBi:-rS. 
[0028] £Lt. j^^^tcov^TSiHBL^^ 

10 vlfc^T^S. 

Al :0.10nass%JaT 

ai«. wmb ix^mzTmx-bhtP. mmffo.io 
mssximx.&bmkvtmt&te. r-^wmim 

TtSfctf), IMiO.lOmssXb-tZ. 
[ 0 0 2 9 ] Nb : 0. 10%UIT. V : 0. 10%J3IT 

h1Z#>. Z1X?1X0A0wass.%Z±$&b-tZ>. 
20 [0030] P : 0.1 «ss%JJlT 

2<mm{tna<zb^<^s^tiz^'ft 

7tM?f>&<?)X\ O.lmassXimt^MSXWtath 
ZbtfTZt. 

[ 0 0 3 1 ] Cu : 1.0 Bass%KTF. Ho : 1.0 nass%fi[ 
T. Ni : 1.0 massXaT. Cr : 1.0 mss%&LT. Cu, M 

tfit^w i.<^%zmihbm3)mmtffiT 

i-Zfcib. 1.0 iass%jaT<oeHT^!lirtSC:i:^T# 
30 S. 

[ 0 0 3 2 ] Ca : 0.0005-0.015 «ss%, REM : 0.001 
— 0.05mss% 

7?>i;&m±Ziti>Btfiremrthz\btfTZz>. 

-e^*5-#4^»tC«. CaJi0.0005Mss%iaJi. REM 
liO.001 ■ass%Ja±^ftrrS^* i &S. i:«V^. Ca 
#0.015 ■ass% s &ti REM*<0.05»£s%5ri@xT^»fc 
^SfiSt^ffilU*^<Of6@#4tB<=3:0. want 

#ffiT-f &7t#>. -eiim±KS-0.015 nass%. 0.05m 
40 ss%t^. 

[0033] B : 0.0002-0.01wss% 
B«. m&ltlZimKn&Tb*). 0.0002Bass%iy± 

<omrez<vmtfm>t>ti&. o.oi« 
ss%mix$mt&bmtiiktf%L<fsmzti. m 

{tlXttntfgfcthOX-. ±lSS:0.0lMss%t1-S. 

[0034] s9ffl«ois^ait:o^TiiBW- 

¥^ B ^@df W 0.8jui £Lh 5.0/zi WTO.if 
»*i-)U7x74 VfrbKhiMXVdl-fVy*?* Y 

50 7V> ? tt£llft-fS±-C#ffl-CJ>l.<0'C. ^tl^ifflt 
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-f £^#*>£. ZZX. &m&X50 vol% %Z>t:MZ\^ WkftBlZ 1150OTF. Mt KJ41080 

itflWrt^x^-f hOTONhlfctttEdf [0039] ^a£ET^80%KLh^)tLhffli 

IX. * t )li->l>yx5>( h^l^Saegdf # 5.0 tXZMz&fy&tfiimkth. ±fflT&5^U^^ 

jui £g;il>i:. BU«B2fc^L3tJ:5fc:. TSXE1£ 2 7x5>( htf>¥%*£iaf4&£5jui JaTk^ifcAfc 

0000 MPa • %&±fr&ZttfTZ%\,WX; #\}zfi- li. ^SffT*^80%JJUii:-rs^*>-fc&. 
^7i7^ HW^iFa&gdf 145/ii jaTfci-6& [0040] ttJb£E®i&T3jg: 800 ~950 *C 

[0035] kj-h ht&mm#5 voi%ja±«s® zlx. mf7?> 

S^ffl+fcli. ift^ettSr&T. TSXEl^20000H > a • % j@i.£fc. ttjh£Eg&T&. Z>*T<7)ffliz 

<kt%< . -e^ffifc^? -/ ftiffls&T®. 2#«rtt. : 50*c/s& 

l«n«#tW77>'y'l9g^J:d^r^3B<0^t:^ ±<02ST^lg?^ai&l8ttL. 600-700 

i: fr£ . ft-* t\ ^-ffl«0S®^-Xx-t--f h JJWcOSS 20 3 £ t tz X 0 . ffl8<Dfi*ft£»:g|-tS £ t 

^liv;kry^-f hlJifSM^vAC.^^ht-f^ #T£6. ^LT. 600-700 1 a&Sl£ 

s#*>s. #itu 5x:/sOT^aasco^2g^a$-2~5» 

[0036] 5KU^;P7x7>f M0f% B >Mdf mffoZtX\ ^2fflA^) C SMbfcJ:lXm2ffiOlR«*< 

tSI2fflcD 3 F^S^4gd3 <0ltdf/ds #5jy± Hit. W£isSiVmf7 ! 7y : J&Wm%£.fa±.-th. o 

KfS02teJ:y ; H3t*L!tJ:ofc:. #!)tft*7x9 wc. £Bt9^aT<0&aT*&3l3&#ffl<D}fraia[ 
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